Effects of gustatory nerve transection on salt taste have been studied extensively in rats and hamsters but have not been well explored in the mouse. We examined the effects of chorda tympani (CT) nerve transection on NaCl taste preferences and thresholds in outbred CD-1 mice using a high-throughput phenotyping method developed in our laboratory. To measure taste thresholds, mice were conditioned by oral self-administration of LiCl or NaCl and then presented with NaCl concentration series in 2-bottle preference tests. LiCl-conditioned and control NaCl-exposed mice were given bilateral transections of the CT nerve (LiCl-CTX, NaCl-CTX) or were left intact as controls (LiCl-CNT, NaCl-CNT). After recovery from surgery, mice received a concentration series of NaCl (0-300 mM) in 48-h 2-bottle tests. CT transection increased NaCl taste thresholds in LiClconditioned mice and eliminated avoidance of concentrated NaCl in control NaCl-exposed mice. This demonstrates that in mice, the CT nerve is important for detection and recognition of NaCl taste and is necessary for the normal avoidance of high concentrations of NaCl. The results of this experiment also show that the method of high-throughput phenotyping of salt taste thresholds is suitable for detecting changes in the taste periphery in mouse genetic studies.
Introduction
Ingested food and drink activate taste receptor cells, most of which are innervated by the chorda tympani (CT), glossopharyngeal (GL), and greater superficial petrosal (GSP) nerves. These gustatory nerves have different receptive fields: the CT innervates fungiform papillae, the GL innervates vallate and foliate papillae, and the GSP innervates the taste buds on the soft palate (Witt et al. 2003) . These taste papillae differ in expression of genes involved in taste reception, for example, Tas1r1, Tas1r2, and Pkd113 (reviewed in: Bachmanov and Beauchamp 2007) . This probably results in different responsiveness of the gustatory nerves to different taste qualities (e.g., Ninomiya 1998; Inoue et al. 2001; Danilova and Hellekant 2003) . Furthermore, the roles of gustatory nerves are not necessarily similar between species. For example, rats and calves (Bos taurus) have stronger neural responses to sweet taste stimuli from the GL in comparison to the CT (Hard af Segerstad and Hellekant 1989; Segerstad and Hellekant 1989) , whereas in mice and primates, CT responses to sweeteners are much stronger than GL responses (Shingai and Beidler 1985; Ninomiya et al. 1991; Danilova et al. 2002; Danilova and Hellekant 2003) .
Studies with genetically engineered mice are important for understanding molecular mechanisms of salt taste reception (Bosak et al. 2010; Chandrashekar et al. 2010) . However, the contributions of different gustatory nerves to salt taste in mice are less clear compared with some other species. The CT is important in the detection and recognition of sodium chloride (NaCl) taste in most mammals examined: rats (Spector and Grill 1992; Sollars and Bernstein 1994; Breslin et al. 1995; Sollars et al. 1996; Blonde et al. 2006; Spector et al. 2010; ) , hamsters (Barry et al. 1996) , and humans (Just et al. 2006; Karatayli-Ozgursoy et al. 2009 ). In rats and/or hamsters, transection of the CT diminishes NaCl avoidance in preference tests (Barry et al. 1996) , impairs discrimination between NaCl and KCl (Spector and Grill 1992) , and increases NaCl taste thresholds (Spector and Grill 1992; St John, Markison, Guagliardo, et al. 1997; Blonde et al. 2006) . Much less is known about effects of gustatory nerve transection on salt taste in mice. Although gustatory nerve transection was used in several previous studies with mice (e.g., Uchida et al. 2003; Yasumatsu et al. 2003 Yasumatsu et al. , 2007 St John and Boughter 2004; Shigemura et al. 2005; Yee et al. 2005) , effects on salt taste were examined in only one study : Watanabe et al. (2003) have shown that CT transection has little effect on salt solution intake in the Na x -deficient mouse strain. No studies have examined the effects of nerve section on taste thresholds in any mouse strain.
As mentioned above, rats and mice differ in the relative contribution of the CT and GL nerves to sweet taste responsiveness (Frank et al. 1983; Frank 1991; Danilova and Hellekant 2003) , and they may differ in salt taste responsiveness as well. As mice are the predominant model organism used in molecular genetics, it is important that we understand the contributory role of various gustatory nerves in mouse salt taste responses. We therefore conducted the present study to characterize the role of the CT nerve in salt taste perception in mice, with a focus on sensitivity and hedonics.
We measured NaCl taste thresholds using a conditioned taste aversion (CTA)-based method optimized in our laboratory for high-throughput testing of mice. This method is based on similar taste quality perception of NaCl and LiCl (Nachman 1963) and produces thresholds that correspond to taste recognition thresholds in humans (Ishiwatari and Bachmanov 2009 ). Mice were conditioned by self-administration of LiCl, given a bilateral transection of the CT, and then were tested with a series of ascending NaCl concentrations using 46-h 2-bottle preference tests to determine taste thresholds and to compare them with thresholds of mice that did not have CT surgery. Another group of unconditioned mice underwent a similar procedure but were offered NaCl instead of being exposed to LiCl. Comparison of NaCl preferences in these mice with and without CT transection has characterized the role of CT in salty taste hedonics.
Materials and methods

Subjects
Forty naive outbred CD-1 male mice (Charles River Laboratories) were used. At the beginning of the experiment, they were 8 weeks old and had a mean body weight of 30.2 ± 0.2 g. During experiments, they were housed in individual cages in a temperature-controlled room at 23°C on a 12:12 h light: dark cycle (7:00 AM on, 7:00 PM off) and had free access to Teklad Rodent Diet 8604 (Harlan), which includes 0.29% sodium. All experimental protocols were approved by the Monell Chemical Senses Center Institutional Animal Care and Use Committee.
Apparatus
Construction of the drinking tubes and cage lids has been described previously and is given in detail on the Monell Mouse Taste Phenotyping Project Web site (Tordoff and Bachmanov 2001 ; http://www. monell.org/MMTPP/).
Development of CTA
Mice were randomly assigned to 2 treatment groups, NaCl (control group; n = 20) and LiCl (conditioned group; n = 20). All were given deionized water in 2 drinking tubes for 3 days to adapt them to the experimental setting (Table 1) . Following adaptation, mice were allowed to drink 150 mM LiCl for the conditioned group or 150 mM NaCl for the control group during two 23-h sessions (days 4 and 6), with the same solution continuously available from both drinking tubes. The 2 conditioning days were separated by a 24-h period of access to water given in both tubes (day 5, recovery). To ensure that an aversion was conditioned, the response to salt taste was assessed in the animal's home cages in a 46-h 2-bottle test with one tube containing a 150 mM NaCl solution in deionized water and the other tube containing only deionized water (days 7 and 8). The side on which the NaCl solution was presented was counterbalanced among groups and was switched after 23 h. Intake measurements were made by reading fluid volume to the nearest 0.1 mL. NaCl-conditioned mice were indifferent to 150 mM NaCl (mean ± standard error [SE] preference scores were 48 ± 4%) but all LiCl-conditioned mice strongly avoided 150 mM NaCl (mean ± SE preference scores were 2 ± 0.3%; the individual preference scores ranged from 0.9% to 5.7%; see also Figure 1 ). A one-way analysis of variance (ANOVA) of NaCl preference scores revealed significant effects of treatment group, F 1,36 = 128.72, P < 0.001. Thus, mice were successfully conditioned to avoid the taste of NaCl after self-administration of 150 mM LiCl in 2-bottle conditioning sessions.
CT transection surgery
On day 9, mice from both treatment groups (NaCl-exposed controls and LiCl-conditioned mice) were assigned to either CT surgery or no surgery conditions, so as to form a total of 4 groups, NaCl-CNT (NaCl control, no surgery; n = 10), NaCl-CTX (NaCl control, surgery; n = 10), LiCl-CNT (LiCl conditioned, no surgery; n = 10) and LiCl-CTX (LiCl conditioned, surgery; n = 10). Mice given CT surgery were deeply anesthetized with an intraperitoneal injection of a ketamine hydrochloride (42.8 mg/kg), xylazine hydrochloride (8.6 mg/ kg), and acepromazine (1.5 mg/kg) mixture (10 mL/kg) and maintained with 1% isoflurane. The animal's head was tilted 80°away from the surgeon. The auditory meatus was temporarily widened with a No. 7 microforceps and a second microforceps was used to remove the tympanic membrane. Visualization of the CT was achieved by deflection of the malleus rostrally. To prevent regeneration of the transected nerve, its visible part was removed with microforceps along with the malleus and remaining ossicles. Removing the bones eliminated the path the nerve normally follows during development resulting in a physical separation of the peripheral and central ends of the transected CT, which makes nerve regeneration unlikely in the time frame of this experiment (see Discussion for explanation). This procedure was conducted bilaterally. Mice were prophylactically treated with an antibiotic (2.0 mg/kg gentamicin intramuscularly) and given postoperative analgesic treatment (1.0 mg/kg buprenorphine subcutaneously). In order to limit unnecessary invasive procedures, the surgical controls (NaCl-CNT and LiCl-CNT) in this study did not receive sham surgery. Previous work in rat (St John, Markison, Guagliardo, et al. 1997; St John et al. 2003; Blonde et al. 2006) , hamster (Barry et al. 1993 (Barry et al. , 1996 , and mouse (St John and Boughter 2004) has shown that puncture of the tympanic membrane or exposure of the GL does not affect taste responses, and therefore, these procedures are not necessary for surgical control groups.
All mice were given deionized water in 2 drinking tubes on day 9 (surgery) and for the following 2 days (days 10 and 11) to allow the surgical groups to recover from the CTX procedure.
Postoperative preference testing
Starting on day 12, mice were tested with a series of NaCl solutions (0.0, 0.1, 0.3, 1.0, 3.0, 10.0, 30.0, 150.0, and 300.0 mM) presented in ascending order of concentration in 46-h 2-bottle preference tests with NaCl solution in one tube and water in the other tube (days 12-29). The positions of the tubes were switched every 24 h in a left, right, right, left pattern to control for side preferences. Intake measurements were made by reading fluid volume to the nearest 0.1 mL.
Histology
The CT innervates the fungiform papilla of the anterior tongue, and bilateral transection of the CT leads to degeneration of the no longer innervated papillae and the taste buds within (St John et al. 1995; Guagliardo and Hill 2007) . Therefore, a decrease in percentage of fungiform papillae with taste pores is indicative of successful CT transection. To establish the effectiveness of CT transection in our study, we counted fungiform taste papilla and taste pores. After the final day of postsurgical testing, mice were euthanized by CO 2 asphyxiation and the tongue of each mouse was removed and stored in 4% paraformaldehyde for at least 24 h. For counting taste papilla and taste pores, the anterior tongue was removed and soaked in distilled water for 0.5-1.0 h, immersed in 0.5% w/v methylene blue for 5 min and then briefly rinsed with distilled water. The ventral surface of the tongue was removed taking care to leave intact the pore-rich portion of the epithelium that curves under the front of the tongue. The remaining muscle layer connected Figure 1 Mean Ô standard error of the mean preference scores for 150 mM NaCl tested in 46-h 2-bottle tests before CT transection (on experimental days 7-8) and after CT transection (on days 26-27, during the concentration series testing). N = 10 for each group. Three-way ANOVA detected significant effects of treatment (mice conditioned with 150 mM LiCl had lower preference scores than mice exposed to 150 mM NaCl; F 1,36 = 152.5, P < 0.0001), test (preference scores were lower before surgery than after surgery; F 1,36 = 15.8, P = 0.0003), and interaction between test and surgery (preference scores before and after surgery were significantly different in CTX mice but not in CNT mice; F 1,36 = 6.6; P = 0.01); all other effects and their interactions were not significant (F 1,36 < 2.6, P > 0.1). *Significant difference between preference scores before and after CT transection, P < 0.05, Newman-Keuls tests for a 3-way (treatment · surgery · test) interaction.
to the lingual epithelium was removed by scraping with a no. 15 scalpel blade. The epithelium was pressed between 2 slides in order to observe the fungiform papillae under light microscopy and a 4 · image was recorded. An experiment-blind observer counted numbers of fungiform papillae containing taste pores and papillae devoid of taste pores for all groups; these data were used to calculate the percentage of fungiform papillae containing taste pores.
CTX mice had a significantly lower proportion of fungiform papillae with a taste pore than did CNT mice (41 ± 3% and 67 ± 3%, respectively; effect of nerve section: F 1,34 = 29.57, P < 0.0001; 2-way ANOVA). There were no significant effects of treatment (LiCl or NaCl exposure) or treatment · group interaction (P > 0.96). In our study, CTX resulted in smaller reduction of the proportion of fungiform taste buds without taste pores in comparison to previous work in mice (St John and Boughter 2004) and rats (St John and Spector 1998) . This discrepancy can be attributed to different species and strains of animals and different staining techniques used. For example, mouse strains differ in effects of taste nerve section on taste papillae numbers (St John and Boughter 2004) , and the methylene blue staining method employed in our study was shown to have a small false-positive rate (St John et al. 1995; Parks and Whitehead 1998) . The smaller reduction in percentage of taste buds without taste pores could also be due to incomplete sectioning of the CT, but this is unlikely given that we have observed a clear effect of CTX on taste responses. The smaller reduction could, in theory, also be due to CT regeneration by the end of our experiment, but this is again unlikely because our surgical procedure resulted in physical separation of the ends of the transected nerve to prevent regeneration.
Data analysis
There was no significant difference in initial body weights for all groups; thus, there was no need for intake correction according to body weight. Preference scores were calculated as the ratio of the 2-day average solution intake to the 2-day average total fluid (solution + water) intake. Significance of aversion or preference was examined by comparing intakes of a taste solution and water simultaneously presented in a 2-bottle test using paired t-tests.
In the presurgical 2-bottle tests, the 2-day average preference scores of the groups given LiCl and NaCl were analyzed by t-test. In the postsurgical 2-bottle tests, the 2-day average preference scores were analyzed by 3-way mixed-design ANOVA with treatment (LiCl and NaCl) and surgical group (CTX and CNT) as the between-group factors and concentration as a within-group factor (with 9 levels). Preference scores for 150 mM NaCl before and after CT transection were analyzed by 3-way mixed-design ANOVA with treatment (LiCl and NaCl) and surgical group (CTX and CNT) as the between-group factors and test (before and after surgery) as a within-group factor (with 2 levels). NewmanKeuls post hoc tests were used to evaluate differences between individual means.
The taste thresholds for groups and individuals were predicted from the NaCl preference scores using a 3-parameter logistic function modified from Ritz and Streibig (2005) . Threshold was defined as the concentration at half performance (preference score of 25%), which approximates the 50% level of correct responses that is often used in psychophysics as a threshold value (Spector 2003; Bufe et al. 2005 ).
The preference scores for all tested concentrations except 0 mM within each treatment group were fit to a regression curve using the function: f x = 50/(1 + exp(b(log(x) -log(c)))). Within the function, (x) is the stimulus concentration, (b) is the slope, and (c) is the threshold concentration. The maximum performance was set to 50% preference as complete indifference and minimum performance was set to 0% preference as complete avoidance in the function. We initially calculated individual taste thresholds for all subjects. However, individual taste threshold values that were higher than the 300 mM NaCl were excluded from data analyses because we considered these values not reliable (i.e., these mice did not avoid any of the NaCl concentrations tested, and so estimated thresholds with values >300 mM were not strongly supported by experimental data). Thresholds were >300 mM in 6 NaCl-CNT mice, all 10 NaCl-CTX mice, none of LiCl-CNT mice, and 2 LiCl-CTX mice. Because most of the mice in the NaCl-CNT and NaCl-CTX groups had thresholds >300 mM, we did not conduct statistical analyses of the individual thresholds in these 2 groups. Preference scores were analyzed in all mice regardless of whether their thresholds were >300 mM or not.
Statistical analyses were conducted using the Statistica software package (StatSoft, Inc., Tulsa, OK; http://www. statsoft.com) for ANOVA and using the statistical language and environment R (R Development Core Team 2010) for evaluating taste thresholds. P < 0.05 was used as the level of statistical significance. All data are presented as mean ± standard error of the mean.
Results
To determine if transection of the CT nerve altered the perception of NaCl taste, both control (NaCl-CNT and NaCl-CTX; Figure 2A ) and conditioned (LiCl-CNT and LiCl-CTX; Figure 2B ) mice were presented with a concentration series of NaCl (0-300 mM) in nine 46-h 2-bottle preference tests. Three-way ANOVA of NaCl preference scores revealed significant effects of treatment (LiCl-conditioned < NaCl-exposed), surgery (CTX > CNT), and concentration (decrease at higher NaCl concentrations); significant 2-way interactions between treatment and group, concentration and treatment, and concentration and group; and a significant 3-way interaction between treatment, group, and concentration (all P < 0.001).
The NaCl-exposed intact mice from the NaCl-CNT group were indifferent to 0-150 mM NaCl and avoided 300 mM NaCl (i.e., drank significantly less 300 mM NaCl than water available as the second choice, P = 0.0003, paired t-test; Figure 2A) . Although most rat strains (Tordoff et al. 2008 ) and some mouse strains (Lush 1991; Bachmanov, Inoue, et al. 1998; Bachmanov et al. 2002) prefer osmotically hypotonic and isotonic NaCl solutions to water, many mouse strains (Lush 1991; Bachmanov, Inoue, et al. 1998; Bachmanov et al. 2002) , including CD-1 mice used in this study, do not display preferences at any NaCl concentration. Avoidance of 300 mM NaCl without prior conditioning was commonly found in mice in previous studies (Lush 1991; Bachmanov, Inoue, et al. 1998; Bachmanov et al. 2002) , probably because of its aversive sensory (Glendinning et al. 2002) and/or postingestive (Ishiwatari and Bachmanov 2009) properties. NaCl-CTX mice were indifferent to all NaCl concentrations tested, including 300 mM NaCl (P = 0.13, paired t-test). The NaCl-CTX mice had higher preference scores than did NaCl-CNT mice for 300 mM but not for other NaCl concentrations (P < 0.05, post hoc tests). This demonstrates that CT transection eliminated avoidance of 300 mM NaCl in NaCl-exposed mice.
The LiCl-exposed intact mice from the LiCl-CNT group were indifferent to 0-3 mM NaCl and avoided 10-300 mM NaCl ( Figure 2B ). The LiCl-CTX mice were indifferent to 0-30 mM NaCl and avoided 150 and 300 mM NaCl. The LiCl-CTX mice had higher preference scores than did LiCl-CNT mice for 10, 30, and 150 mM but not for other NaCl concentrations (P < 0.01, post hoc tests).
Although the testing procedure took 18 days, the CTA in the LiCl-CNT mice did not extinguish by the end of testing (Figure 1 ). All mice in the LiCl-CNT group avoided 150 mM NaCl as strongly as they did in the initial preference test with 150 mM NaCl on days 7-8 (3 ± 0.4% and 2 ± 0.4%, respectively; P = 0.9, post hoc tests; in both tests, the individual preference scores ranged from 1% to 5%). Although in the postsurgical tests LiCl-CTX mice had significantly higher preference scores for the 150 mM solution as compared with presurgical levels (Figure 1 ) and LiCl-CNT mice ( Figure 2B ), they significantly avoided this solution (P < 0.05, paired t-test). Furthermore, the LiCl-CTX group had significantly lower 150 mM NaCl preference scores than did the NaCl-CTX group (P = 0.0001, post hoc test; Figures 1 and 2 ). This indicates that CTA was retained in both LiCl-CNT and LiCl-CTX groups.
Averaged individual taste thresholds for LiCl-CTX and LiCl-CNT mice were 132 ± 30 mM and 20 ± 12 mM, respectively (Figure 3 ; P = 0.002, paired t-test). This is consistent with higher preference scores for 10-150 mM NaCl in the LiCl-CTX mice than in LiCl-CNT mice and shows that transection of the CT nerve alters salt taste sensitivity in mice.
Discussion
This is the first study to characterize the effect of the CT transection on salt taste thresholds in mice. We found that CT nerve transection eliminated avoidance of concentrated NaCl in control (NaCl-exposed) mice and increased salt taste thresholds in LiCl-conditioned mice.
Effect of CT transection in control (NaCl-exposed) mice In NaCl-exposed (i.e., not conditioned) mice, CT transection eliminated avoidance of 300 mM NaCl. This was the Figure 2 Mean Ô standard error of the mean NaCl preference scores in mice with bilateral CT transection (CTX; open circles) and control mice (CNT; filled circles) conditioned by exposure to 150 mM NaCl (A) or 150 mM LiCl (B). N = 10 for each group. The curves were fit to the preference scores of each treatment group using the function described in the text (see Materials and Methods). The dotted horizontal line shows a 25% preference score used to calculate the taste threshold (i.e., the stimulus concentration at the intersection of the regression curve with the 25% preference level). *Significant difference between CTX and CNT mice within the same treatment group (i.e., NaCl or LiCl), P < 0.05, Newman-Keuls post hoc tests.
+
Significant avoidance of a taste solution, P < 0.05, paired t-tests comparing intakes of a solution and water given as 2 choices. (A) CTX mice conditioned with 150 mM NaCl have higher NaCl preference scores at 300 mM relative to CNT mice. The NaCl taste thresholds calculated using group data were 335 mM in the NaCl-CTX mice and 304 mM in the NaCl-CNT mice. (B) CTX mice conditioned with 150 mM LiCl have higher NaCl preference scores at 10, 30, and 150 mM in comparison to CNT mice. The NaCl taste thresholds calculated using group data were 129 mM in the LiCl-CTX mice and 9 mM in the LiCl-CNT mice.
highest concentration tested and the only concentration avoided by surgically intact mice. All other NaCl concentrations were neutral to surgically intact mice, and their preferences were not affected by CT transection. Our data correspond to results of experiments with hamsters (Barry et al. 1996) and Fisher 344 rats (Sollars et al. 1991; Sollars and Bernstein 1994) , in which CT transection increased preference scores for aversive concentrations of NaCl. In mice, CT transection did not affect preferences for 150 mM NaCl, but this solution was not aversive (Watanabe et al. 2003) . Therefore, in all 3 species (mice, rats, and hamsters), CT transection attenuates a natural taste aversion to concentrated NaCl, suggesting that the CT is necessary for the normal avoidance of high concentrations of NaCl.
Electrophysiological studies in mice have shown that the GL has only amiloride-insensitive NaCl responsive fibers (Ninomiya et al. 1991; Ninomiya 1998) , but in some mouse strains, the CT has NaCl responsive fibers that are either amiloride-sensitive or amiloride-insensitive (Ninomiya et al. 1989 (Ninomiya et al. , 1991 Gannon and Contreras 1995; Treesukosol et al. 2007) . Amiloride sensitivity of the CT response to NaCl correlates with behavioral aversion to NaCl in mice (Ninomiya et al. 1989) . Therefore, the attenuation of NaCl aversion after CT transection is likely due to the exclusion of the amiloride-sensitive mechanism.
Effect of CT transection in conditioned (LiCl-exposed) mice
The NaCl taste threshold obtained in a group of LiClconditioned mice with intact CT was 9 mM, which is similar to the NaCl taste threshold of 4 mM reported in our previous study using mice from the same strain, with similar treatment and calculation procedures (Ishiwatari and Bachmanov 2009 ). The CT transection dramatically increased NaCl taste threshold (to ;130 mM). Although mice in the LiCl-CTX group did not avoid 30 mM and lower NaCl concentrations, they showed significant avoidance of 150 mM NaCl (a stimulus perceptually similar to the conditioned stimulus, 150 mM LiCl), which is evidence of continued aversion. These data are similar to results obtained with rats (Spector and Grill 1992; St John, Markison, Guagliardo, et al. 1997; Blonde et al. 2006) : in both species, diminished peripheral input caused by CT transection results in higher salt taste thresholds.
Although CT transection increased NaCl taste thresholds, conditioned mice with CT transections still were able to detect and avoid NaCl at higher concentrations ( Figure 2B ). This residual responsiveness to NaCl in mice with CT transection could be due to several possible mechanisms:
1. Most likely, gustatory nerves other than the CT (i.e., GL and/or GSP) are contributing to the NaCl taste response in mice, but these other nerves are less sensitive. Electrophysiological studies have shown that the mouse GL is responsive to NaCl (Inoue et al. 2001 (Inoue et al. , 2004 , but NaCl responses in the GL have higher threshold than NaCl responses in the CT (Shingai and Beidler 1985; Ninomiya et al. 1991) . Consistent with this, the amiloride-sensitive salt taste reception mechanism present in the receptive field of the mouse CT, but not GL nerve (Ninomiya et al. 1991; Ninomiya 1998) , is more sensitive than the amiloride-insensitive mechanism present in the receptive fields of both nerves (Chandrashekar et al. 2010; Nelson TM, Bachmanov AA, unpublished data) . Therefore, results of our study together with these published data suggest that decreased NaCl taste sensitivity after CT transection is likely due to the exclusion of the amiloride-sensitive mechanism. It is also possible that the amiloride-insensitive component of NaCl taste responses is more sensitive in the CT than in the GL, but we are not aware of any experimental data supporting this possibility. 2. Alternatively, different gustatory nerves could have similar sensitivity to NaCl, but the increase in NaCl taste thresholds after CT nerve transection could be due to a loss of the combined input of multiple gustatory nerves. Further studies that include the transection of other gustatory nerves singularly and in combination are needed to examine this possibility. 3. LiCl-CTX mice could also have avoided 150 mM NaCl if they developed CTA not only to salty taste but also to some other chemosensory cues of the conditioned stimulus (e.g., olfactory or viscerosensory). Should this be the case, this would only emphasize the prominent role of the CT in gustatory detection of NaCl, which would be sufficient to reduce sensitivity to NaCl even in presence of its other detectable cues. 4. In theory, the residual NaCl taste sensitivity in LiCl-CTX mice could be due to nerve regeneration. However, this is unlikely. First, our CT transection surgery was designed to prevent nerve regeneration (see details in Materials and methods). Second, even if CT regeneration would occur in operated mice, its time course would not be sufficiently fast to affect results of our behavioral tests. In several studies of CT regeneration in mice (Yasumatsu et al. 2003 (Yasumatsu et al. , 2007 Shigemura et al. 2005) , surgery was designed to facilitate regeneration: the CT was exposed at ;5 mm rostrally to its entry to the bulla and crushed so that nerve sheath would remain (to facilitate regrowth of neurons along the path of the peripheral part of the nerve). In these studies, the size of the taste buds in the fungiform papillae decreased after the nerve crush, and it returned to presurgical level at 3 weeks after surgery (Shigemura et al. 2005) . Tasteevoked nerve activity was only partially restored 3 weeks after surgery, and it returned to a presurgical level only 5 or more weeks after surgery (Yasumatsu et al. 2003 (Yasumatsu et al. , 2007 . If CT regeneration would occur in our experiment, it would take an even greater amount of time because we sectioned the nerve more centrally than it was crushed in the cited studies and because we made an effort to prevent nerve regeneration rather than facilitate it. Therefore, even a partial restoration of CT responsiveness due to regeneration in our mice would likely take longer than 21 days (time that our experiment lasted after CT transection). Should CT regeneration have occurred, it would diminish the influence of the CT transection on NaCl taste responses; in other words, without regeneration, the effect of CT transection would be even greater. Therefore, the possibility of CT regeneration in our experiment does not change our conclusions about the role of the CT in NaCl taste perception.
The method of measuring taste thresholds employed here is amenable to high-throughput investigations and so will be particularly useful for genetic studies (Ishiwatari and Bachmanov 2009 ). The results demonstrate that the technique can detect changes in taste mechanisms that occur in the oral cavity. Therefore, it should be able to detect changes not only due to nerve transection but also due to natural or genetically engineered allelic variants of genes expressed in taste bud cells. Other high-throughput behavioral tests such as 2-bottle preference tests of naive (not conditioned) mice are often used in taste genetics (e.g., Lush 1991; Bachmanov et al. 2002; Tordoff et al. 2007 ), but they are not well suited to study NaCl taste because of possible postingestive effects of NaCl (Rabe and Corbit 1973) . This study demonstrates that our technique to measure behavioral NaCl taste thresholds is highly sensitive to changes in the taste periphery and is therefore suitable for genetic studies of salt taste.
Concluding remarks
In summary, the present study demonstrated that the CT plays an important role in salt taste perception by mice and that effects of CT transection are likely mediated by elimination of amiloride-sensitive mechanism of salt taste reception. It also validates the ability of a high-throughput method of assessing taste thresholds (Ishiwatari and Bachmanov 2009 ) to detect changes in peripheral taste input.
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